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Magnetoresistivity ρxx and Hall resistivity ρxy in ultra high magnetic fields up to 88 T are measured down to
0.15 K to clarify the multiband electronic structure in high-quality single crystals of superconducting FeSe. At
low temperatures and high fields we observe quantum oscillations in both resistivity and Hall effect, confirming
the multiband Fermi surface with small volumes. We propose a novel approach to identify the sign of the charge
carriers corresponding to a particular cyclotron orbit in a compensated metal from magnetotransport measure-
ments. The observed significant differences in the relative amplitudes of the quantum oscillations between the
ρxx and ρxy components, together with the positive sign of the high-field ρxy , reveal that the largest pocket
should correspond to the hole band. The low-field magnetotransport data in the normal state suggest that, in
addition to one hole and one almost compensated electron bands, the orthorhombic phase of FeSe exhibits an
additional tiny electron pocket with a high mobility.
Uniquely amongst the Fe-based superconductors, the
tetragonal β-FeSe undergoes an orthorhombic distortion at
Ts ≈ 90 K without an accompanying long-range magnetic or-
dering at any temperature, and therefore provides a unique op-
portunity to probe its unusual electronic behavior from which
its superconductivity emerges below ∼ 9 K. In particular, re-
cent advances in the high-quality single crystal growth [1] and
several theoretical proposals focused on the frustrated mag-
netism under nematicity [2, 3] have lead to renewed inter-
ests of this system as a key material of Fe-based supercon-
ductivity. Furthermore, it has been suggested that in the su-
perconducting state FeSe may be in the crossover regime be-
tween weak-coupling Bardeen-Cooper-Schrieffer and strong-
coupling Bose-Einstein condensation limits, which may cause
unexpected effects [4]. To understand such intriguing proper-
ties of FeSe, the experimental determination of its detailed
electronic structure is obviously crucial.
Previous experiments of electronic properties of FeSe us-
ing both ARPES [5–8] and quantum oscillations [8–10], have
suggested different interpretations of the electronic structure
of FeSe. In this paper by analyzing the magnetotransport
data in high magnetic fields, we reveal the details of the bulk
electronic structure and the effects of scattering from which a
more complete picture of the electronic structure of FeSe can
be constructed. We use a novel approach to extract this infor-
mation by analysing the quantum oscillations measured both
in the resistivity ρxx and Hall effect ρxy which allows us to de-
duce the origin of the observed oscillation frequencies in FeSe
in fields up to 88 T. We observe a positive Hall effect suggest-
ing that, in a two band picture, hole carriers have higher mo-
bility than the (almost compensated) electrons at low temper-
atures. At higher temperatures, the Hall effect changes sig-
nificantly with magnetic field which can only be understood
considering a three-band picture, with the addition of a small
electron band with high mobility. Furthermore, the observed
large non-saturated magnetoresistance is the consequence of
the existence of a small and compensated multiband electronic
structure in FeSe.
Experimental details. Samples were grown by the
KCl/AlCl3 chemical vapor transport method [1]. In-plane
transport measurements were performed using state-of-the-
art extreme conditions of high magnetic fields combined with
very low temperatures, in a dilution fridge in pulsed fields
up to 56 T and also up to 88 T in helium-4 cryostats at the
LNCMI, Toulouse [11, 12], and dc fields to 33 T at the HFML,
Nijmegen. Low-field measurements (up to 13.5 T) were per-
formed in a Quantum Design PPMS in Oxford. The Hall and
resistivity contributions were separated by (anti)symmetrizing
the data obtained in positive and negative magnetic fields ap-
plied along the c axis. Good electrical contacts were achieved
both by spot welding and Sn or In solder and to avoid heat-
ing effects electrical currents below 10 mA in pumped helium
cryostats or 1 mA for the fridge were used. Quantum oscil-
lations were observed in four samples and two samples were
measured below 1.4 K in the dilution fridge. One sample (S1)
was also measured up to 88 T at 1.4 K.
High-field magnetotransport measurements. Figures 1(a)
and (c) show the field dependence of ρxx and ρxy for sam-
ple S1 at very low temperatures (below 1.3 K). We observe
the transition from the superconducting to the normal state
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FIG. 1. (color online). High-field magnetotransport data. Mag-
netic field dependence of (a) ρxx and (c) ρxy for sample S1 at dilu-
tion fridge temperatures. The corresponding fast Fourier transform
(FFT) spectra of (a) and (c) using a large field window (27-56 T) is
shown in (b) and (d), respectively, which identifies a series of fre-
quencies, β, γ and δ. Notably, the γ peak is absent (or very weak)
in the the Hall effect component, ρxy . The inset shows the Fourier
spectrum for sample S2. Ultra-high magnetic field (e) resistivity and
(f) Hall effect measurements up to 88 T at 1.4 K for sample S1. The
dashed lines correspond to a combined fit to a two-band model, as
described in the text and Ref. [13].
around 14 T, and a very large non-saturating magnetoresis-
tance at low temperatures. Both components of the resis-
tivity tensor show quantum oscillations. The observation of
quantum oscillations in the Hall effect is less commonly re-
ported than Shubnikov-de Haas oscillations in resistivity, but
have been recently studied in other multiband systems, such
as cuprates [14] and Ca3Ru2O7 [15], although to the best of
our knowledge not previously in Fe-based superconductors.
Quantum oscillations analysis. The temperature-
dependence of the amplitude of quantum oscillations in
resistivity are usually well described by the Lifshitz-Kosevich
formula describing oscillations in thermodynamic quanti-
ties [16]. Analysis of the temperature-dependence of the
amplitude of oscillations, as shown in Figs. 1(b) and (d),
allows us to determine the effective masses by fitting to the
Liftshitz-Kosevich formula (see Table SI in Ref. [13]). We
find good agreement in the values of the quantum oscillations
frequencies and effective masses between samples (within the
error bars) and with those reported previously by Terashima
et al. [9]. The γ orbit has a particularly heavy effective mass
of 7-8me, whereas the β and δ orbits have effective masses
of around 4me, which suggests a different origin for the two
frequencies. The field window in 1/B used in the pulsed
field experiments (26-56 T for sample S2) is not a large
enough FFT window to identify frequencies smaller than the
β frequency at 180 T, as compared with studies in dc fields in
which an α pocket of about 50 T has been resolved [9].
Usually, it is impossible to determine based purely on quan-
tum oscillations data whether a given quantum oscillation
frequency arises from an electron-like or hole-like band, al-
though often a comparison to band structure calculations can
give a satisfactory understanding. However, here we develop
a novel argument based on a compensated two carrier model
and the relative strength of oscillation peaks in ρxx and ρxy in
order to argue that the γ peak originates from an electron-like
Fermi surface pocket, whereas the β and δ are associated with
the minimum and maximum of the hole-like band.
Our approach is based on the observation that the γ orbit
is missing, or at least much weaker, in the ρxy FFT spectrum
than the ρxx, as can be directly seen by comparing the FFT
spectra from sample S1 in Figs. 1(b) and (d). Note that in this
sample, ρxx and ρxy are calculated by symmetrizing data from
the same pair of contacts, which rules out any external expla-
nation such as temperature gradients in the sample. In a multi-
band system, ρxx and ρxy may be written in terms of the con-
ductivities of the various bands. It can be shown (see Ref. [13]
for derivation) that in a compensated metal (i.e. equal number
of holes and electrons which stoichiometric FeSe must have)
where both the electron and hole conductivities have an oscil-
latory component, that the Hall effect is relatively more sen-
sitive to the oscillations of the more mobile carrier compared
to resistivity; that is to say that if both electron-like and hole-
like oscillations are observed in an FFT of ρxx oscillations,
the FFT spectrum of ρxy will show a relatively enhanced am-
plitude of the more mobile carrier. In FeSe, the sign of the
Hall coefficient at low temperatures and high fields is posi-
tive, i.e. the holes are (on average) more mobile, therefore the
hole-like orbits are enhanced in the ρxy FFT spectrum and the
missing / weak 540 T γ peak is an electron-like orbit and both
the β and δ frequencies are likely to be hole-like frequencies.
By assigning the δ and β with the maximum and minimum
of a quasi-2D pocket (as suggested in Ref. [9]), we estimate
that this band would contain 0.014 electrons / Fe, equivalent
to carrier density for the hole band of nh = 3.6× 1020 cm−3.
We note that the observation of a positive high field Hall co-
efficient which implies that the hole carriers are more mobile
(on average) than the electron carriers is unusual in Fe-based
superconductors, where the Hall effect is typically found to
be negative (e.g. [17–20]), and quantum oscillations studies
have typically found much higher amplitudes (longer scat-
tering times) for the electron pockets than the hole pockets
[21, 22], and sometimes the hole pockets are not observed at
all [23, 24].
Low-field magnetotransport behavior. So far we have fo-
cused on the low-temperature, high magnetic field measure-
ments, since these are the conditions where quantum oscil-
lations are observed. However, a lot of information at higher
temperatures can be obtained from low-magnetic field studies.
Figures 2(a) and (b) show the temperature dependence of Hall
3effect and the relative transverse magnetoresistance up to 14 T
of a single crystal of FeSe (S3). At high temperature, the Hall
effect is observed to be linear up to 10 T, and changes sign
twice above 90 K. In this high-temperature regime, the most
natural model to turn to is a compensated two-band model,
where the two bands represent the electron and hole pock-
ets (charge compensation is required in a stoichiometric FeSe
crystal) and by fitting simultaneously ρxx and ρxy we can ex-
tract three free parameters n = ne = nh, µe and µh. A
feature of this model is that the Hall effect is strictly linear at
all magnetic fields and the magnetoresistance does not satu-
rate [13]. This model was also used for LiFeAs, where it was
found that the Hall effect was negative and linear up to 14 T
at all temperatures [20].
The temperature dependence of the extracted parameters,
assuming an equal number of holes and electrons with the
carrier density n = nh = ne and the two (field-independent)
mobilities µh and µe, is shown in Figs. 2(e) and (f), with the
carrier density being relatively constant at high temperatures,
n ∼ 3×1020 cm−3, which is also close to the low-temperature
values extracted for the hole band density from quantum oscil-
lations. Whilst in many iron-based superconductors the elec-
trons are generally more mobile and therefore the Hall effect
is commonly found to be negative [20], in the case of FeSe the
mobilities of holes and electrons are very similar at high tem-
perature with subtly different temperature dependencies [see
Fig. 2(f)]. The sign of low-field RH [Fig. 2(c)] changes twice
above 90 K as at some temperatures the electrons are slightly
more mobile, and at other temperatures the holes are.
The three-band model. Below the structural transition at Ts
(∼ 75 K), the Hall effect becomes noticeably non-linear and
such behavior cannot be understood in a compensated two-
band model. Recently, a mobility spectrum analysis of FeSe
[25] demonstrates the presence of high mobility electron car-
riers (besides less mobile hole and electron carriers) which
could account for the non-linear Hall effect and, in particular,
the negative sign of the Hall coefficient at low fields, but be-
coming positive at high fields. The Hall effect in FeSe is also
similar to those on annealed BaFe2As2 single crystals [26].
Although the Fermi surface in the magnetically reconstructed
phase is completely different there are coincidental similari-
ties in that there is a small but compensated number of carriers
and in particular a small number of highly mobile electron-
like carriers. A three-carrier model [27] can describe well the
Hall effect data in annealed single crystals of BaFe2As2 [26]
and as FeSe display a similar behavior we implement this ap-
proach but further constrained it by simultaneously fitting ρxx
and ρxy for a compensated system with one hole and two elec-
tron pockets (with five free parameters for mobilities and car-
rier concentrations). Figure 2(d) at 20 K shows the fits of this
model which accounts well for the low field, non-monotonic
behavior and reveals the presence of a small but highly mobile
electron pocket. Thus, our analysis suggests that Fermi sur-
face of FeSe needs to have more than one electron band and
the magnetotransport behaviour is better described if three-
carriers are present, i.e one hole and two electron pockets.
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FIG. 2. (color online). High-temperature magnetotransport data.
(a) Magnetoresistance measured to 13.5 T in a sample S3 at temper-
atures between 20-300 K. (b) Hall effect in FeSe. (c) low-field Hall
coefficient, defined by a straight-line fit to data < 1 T. The tempera-
ture dependence of the resistivity for S3 is also shown. (d) Simulta-
neous fit of the magnetoresistance and Hall effect using a constrained
compensated three-carrier model. (e) Temperature-dependence of
the carrier density extracted from two- and three-carrier fits (a three-
carrier model is used below 75 K which accounts for the devel-
opment of the low-field non-linearity in the Hall effect data). (f)
Temperature-dependence of mobility. Inset: the inverse of mobility,
proportional to the scattering rates, which has a∼ T 2 dependence in
the range of 20-60 K.
Recent high-resolution ARPES data on FeSe [8], show that
the Fermi surface suffers significant deformation breaking the
rotational symmetry. At high temperatures, the Fermi surface
is composed of two hole bands (nh1  nh2) and likely two
electron bands (ne1 and ne2), which are well compensated.
At low temperatures, however, there is a single hole band nh1
with a size close to one of the electron bands ne1, however
the second electron band ne2 is rather small. In terms of mag-
netotransport, this scenario is equivalent to having two types
of electron-like carriers, one with similar but slightly lower
mobility to the hole bands, whereas the low-density electron-
like carriers ne2, may have lighter effective masses and con-
sequently higher mobility. Using a three band model from
magnetotransport data on FeSe, the new small pocket has a
carrier density of ne2 = 0.7 × 1020 cm−3 and high mobil-
ity with 1843 cm2/Vs. In the limit of similar scattering, this
4pocket would correspond to a very low frequency of 90(10)T
in the quantum oscillations with a lighter effective mass of
∼ 1.5(5)me. These values are in good agreement with those
extracted for this pocket from quantum oscillations for the α
pocket [9] and the small electron band from high resolution
ARPES studies [8].
In the low-temperature limit, in the normal state (once the
superconductivity is suppressed above 14 T) the ρxx and ρxy
data is well-described by a two-band model over a large field
window, with the extracted values listed in Table. I. We find
that the hole mobility is 1.9-2.7 times larger than the electron
mobility, which would be enough to give a noticeable differ-
ence in the relative amplitudes of oscillations in ρxx and ρxy
as argued above. For a perfectly compensated system, ρxy
is exactly linear in the high field limit both in the two and
three band models, whereas experimentally there is a small
amount of curvature at high fields. This could indicate a small
departure from stoichiometry, or possibly a field-dependence
of mobility. Another possibility concerns the field-induced
Fermi-surface effects caused by the Zeeman splitting whose
energy scale is expected to become comparable to the effec-
tive Fermi energy of the smallest band (∼ 2-4 meV [4, 9])
in the highest magnetic field range. Although no clear signa-
ture of such a Lifshitz transition is observed, the presence of a
small pocket superimposed on other frequencies is hard to re-
solve. Despite this, our quantum oscillations analysis in very
high magnetic fields based on a two-carrier model allows us
to assign reliably the origin of the hole and electron pockets.
While at low fields and high temperatures the two-
and three-carrier models capture the data well, the ex-
tracted temperature-dependence of the carrier density shows
a marked reduction of the carrier density below Ts [Fig. 2(e)],
dropping by a factor of∼ 2 compared to the high-temperature
values. Furthermore, the carrier density nh estimated from
quantum oscillations (assuming the β and δ bands form the
quasi-2D hole band) is 3.6× 1020 cm−3 - similar to the high-
temperature carrier densities but substantially higher than the
20 K data. Below 20 K, the carrier density seems to re-
cover, as shown by extracted parameters on a different sam-
ple S4 (see Ref. [13]), and furthermore the pulsed-field low-
temperature data gives carrier densities from two carrier fits
which are comparable with those estimated from quantum os-
cillations. In order to reconcile the apparent drop in carrier
density below Ts with the observation from ARPES [8] and
expectation that the Fermi surface should not change signifi-
cantly in the absence of any spin density wave order, we spec-
ulate that a strongly anisotropic scattering rate may exist on
the Fermi surfaces below the structural transition. If there
are strong spin fluctuations (as observed by NMR below Ts
[28]), parts of the hole and electron Fermi surfaces which are
well nested by the antiferromagnetic ordering vector will have
a dramatic increase in the scattering rate, similar to calcula-
tions in Ref. [29], and will be effectively shorted out by non-
nested segments of the Fermi surface with a much longer scat-
tering time (and which may have conventional ∼ T 2 Fermi-
liquid temperature dependence of mobility [Fig. 2(f)]). This
TABLE I. Parameters extracted from magnetotransport measure-
ments on FeSe using both compensated (ne1=nh1) and uncompen-
sated (ne1 6= nh1) two-band model to fit the low-temperature-high
field regime as well as a three-band model to fit the low field-high
temperature data for different samples, as discussed in the text.
The carrier density n and mobility µ of each carrier can be com-
pared with quantum oscillations value for the hole band of nh =
3.6× 1020 cm−3.
parameters (model) ∆T (K) ∆B (T) h1 e1 e2
n (2-band, S2) (1020 cm−3) 1.5 28-56 3.8(1) 4.7(1) –
µ (2-band, S2) (cm2/Vs) 1335 499 –
n (2-band, S2) (1020 cm−3) 1.5 28-56 3.5(1) 3.5(1) –
µ (2-band, S2) (cm2/Vs) 756 401 –
n (3-band, S4) (1020 cm−3) 10 0-13.5 2.71 2.03 0.68
µ (3-band, S4) (cm2/Vs) 623 457 1843
may also be related to the anomalous quasiparticle interfer-
ence in FeSe, which shows very strong in-plane anisotropy of
energy dispersion [4]. One can then envisage that in our sim-
ple model which assumes isotropic scattering on all bands, the
drop in the effective carrier density, despite no actual change
in Fermi surface volume, could be a manifestation of strongly
anisotropic scattering, with almost half of the available carri-
ers missing. However, at very low temperatures, the scatter-
ing becomes more isotropic (impurity scattering only in the
T = 0 limit) [29] and in this limit (in which we observe quan-
tum oscillations) we find that the carrier densities extracted
from the high-field two-carrier model are comparable to those
estimated from quantum oscillations, nh (see Fig.2e).
In summary, the magnetotransport studies in ultra-high
magnetic fields and at low temperatures allow to access the
Fermi surface of FeSe and to determine independently the
sign of carriers. In the limit of isotropic scattering, our novel
analysis of the quantum oscillations in the resistivity and Hall
effect, suggest the presence of hole-like bands with more mo-
bile carriers than the almost compensated electron-like band.
Furthermore, the high-temperature and low-field data can be
described only if an additional highly mobile electron pocket
is considered. We find that the magnetotransport behavior of
FeSe is a direct consequence of the small multiband Fermi sur-
face with different carrier mobilities. Further theoretical work
will be required to understand the role played by anisotropic
scattering in FeSe and how it can affect its normal and super-
conducting properties.
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6SUPPLEMENTAL MATERIAL
TABLE S I. Frequencies, effective masses, areas of k-space and
Fermi k-vectors for two different samples: sample S1 and sample S2
the analysis is split for the resistivity and Hall effect channels. Areas
of the Brillouin Zone are relative to the high-temperature tetragonal
phase.
sample orbit F (kT) m∗ (me) Ak (%BZ) kF (A˚−1)
S2: ρxx β 0.171 4.20(25) 0.59 0.072
(27-56 T) γ 0.536 7.55(61) 1.84 0.128
δ 0.651 4.47(30) 2.24 0.141
S1: ρxx β 0.164 4.06(23) 0.562 0.070
(30-55 T) γ 0.528 7.25(58) 1.82 0.127
δ 0.664 4.38(25) 2.282 0.142
S1: ρxy β 0.177 4.16(23) 0.609 0.073
(30-55 T) γ - - - -
δ 0.640 4.16(23) 3.88(25) 0.139
The relative amplitudes of oscillations in resistivity and Hall
effect in semimetals
.
𝐹
𝐹
𝑇
∶
𝜌
𝑥
𝑥
 
𝐹ℎ 𝐹𝑒  
𝐴𝑚𝑝. ~ 𝜎𝑒  𝐴ℎ 
𝐴𝑚𝑝. ~ 𝜎ℎ 𝐴𝑒  
𝐹
𝐹
𝑇
∶
𝜌
𝑥
𝑦
 
𝐹ℎ 𝐹𝑒  
𝐴𝑚𝑝. ~ 𝐴ℎ 
𝐴𝑚𝑝. ~ 𝐴𝑒 
𝜎ℎ > 𝜎𝑒 𝑎𝑛𝑑 𝐴ℎ > 𝐴𝑒 
FIG. S1. Cartoon of the relative amplitudes of quantum oscillations
for a compensated semi-metal, with hole and electron contributions
to the resistivity and Hall effect. As we have σh > σe from the sign
of the Hall effect, we therefore also take Ah > Ae. The relative
amplitudes of the oscillations can therefore be understood by general
considerations of a two-carrier model and suggest the nature of the
carrier when the effect is large, such as in FeSe.
In general, we may write the magnetoresistivity and Hall
resistivity of a two-carrier system in a magnetic field H as
follows:
ρxx =
(σh + σe) + σhσe(σhR
2
h + σeR
2
e)H
2
(σh + σe)2 + σ2hσ
2
e(Rh +Re)
2H2
(1)
and
ρxy =
(σ2hRh + σ
2
eRe) + σ
2
hσ
2
eRhRe(Rh +Re)H
2
(σh + σe)2 + σ2hσ
2
e(Rh +Re)
2H2
H, (2)
where σi and Ri are the conductivities and (inverse) carrier
densities of the two species.
Since FeSe is a compensated material, we may write Re =
−Rh = 1ne and then the formula reduce as follows:
ρxx =
1 + 1(ne)2σhσeH
2
(σh + σe)
(3)
and
ρxy =
1
(ne) (σh − σe)H
(σh + σe)
. (4)
Note that the denominators are the same in both equations.
Now, we let the conductivities have an oscillatory contribution
according to the Shubnikov-de Haas effect:
σi = σi0
(
1 +Ai sin
(
2piFi
B
))
. (5)
There may be more than one oscillation frequency associated
with each carrier species due to Fermi surface corrugation but
we omit the summation for simplicity.
Calculating the oscillatory part of the signals, to first order
in A (i.e. A << 1), we find:
ρoscxx =
σh0σe0
(ne)2(σh0 + σe0)2
×(
σe0Ah sin
(
2piFh
B
)
+ σh0Ae sin
(
2piFe
B
))
H2 (6)
and
ρoscxy =
2σh0σe0
(ne)(σh0 + σe0)2
×(
Ah sin
(
2piFh
B
)
−Ae sin
(
2piFe
B
))
H. (7)
Note in ρxx the oscillation amplitude is multiplied by the
mobility of the other carrier species. Therefore for a two-
carrier semimetal, the oscillations of ρxx are relatively less
sensitive to the oscillations of the more mobile carrier; alter-
natively the Hall oscillations are proportionally more sensitive
to oscillations of the more mobile species, which may be de-
termined by the sign of the Hall coefficient. E.g. in FeSe since
the Hall coefficient is positive (at low temperature, in the field
region of interest) we have σh > σe and the oscillations of the
hole bands are enhanced over the electron bands, helping to
identify the oscillation frequencies. The more mobile species
are likely to have a larger amplitude (greater Ai) anyway as
they scatter less: the scattering time entering the mobility also
enters in the Dingle term determining the amplitude of the
quantum oscillations, however in ρxy the amplitude is further
enhanced relative to the amplitude in ρxx. This is demon-
strated schematically in Fig. S1.
There are important assumptions in this formalism to be
addressed here. Usually, quantum oscillations in magneto-
transport are understood to occur due to oscillations of the
7scattering rate [30] according to Fermi’s Golden Rule; as the
density of states at the Fermi level oscillates, so too does the
density of final states available after a scattering process. We
have assumed that the scattering rate of the hole mobility de-
pends on quantum oscillations arising from hole pockets, but
not of electron pockets. If there is scattering that may trans-
fer a carrier to the other carrier pocket, then this simple model
will required modification. For example, in the multiband sys-
tem Ca3Ru2O7 [15] the oscillations in the Hall effect was ex-
plained by the same oscillating part of the scattering time for
the two different bands, which is an opposite approach to the
model presented above. However, one may note that at low
temperatures (< 4 K) the dominant scattering process will
be impurity scattering, which resembles Rutherford scattering
and strongly favors low-q processes. Based on the fact that
pockets in FeSe are small and well-separated in the Brillouin
zone, the scattering processes will overwhelmingly leave e.g.
a hole carrier in the hole band and the matrix elements for
interband process are small.
Additional high field and high temperature magnetotransport
data
In Fig. S2, we present further magnetoresistance data taken
in pulsed and dc field magnets for different crystals. In
Fig. S2(a) and (b) high magnetic fields are used to measure the
magnetoresistance up to 120 K. As the mobilities drop with in-
creasing temperature, the magnetoresistance naturally drops,
until at 120 K it is a small effect (∆ρ(66 T)/ρ(0) = 5.5%)
but shows no sign of saturating at any temperature or field.
The high field Hall effect measurements on the crystal were
strongly affected by noise but they still show that the high-
field Hall effect is always positive at least up to 80 K.
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FIG. S2. High temperature magnetotransport data. (a), (b) Pulsed
field magnetotransport measurements up to 67 T, between 1.5 K and
120 K. (c), (d) Measurements of the resistivity and Hall effect in dc
fields for the sample S4. Orange dashed line is a fit to the 9.6 K data
using a constrained three-carrier model. Red dotted line is a fit to a
constrained two-carrier model to the data above 20 T.
Figures. S2(c) and (d) show magnetotransport measure-
ments for another sample, S4, measured in dc fields which dis-
plays significant differences between the low-field behavior
between the measurements at 0.5 K as compared with those at
9.6 K due to the presence of the superconductivity state. At
9.6 K, a constrained three-carrier model describes very well
the Hall effect and resistivity (orange dashed line) and the fit-
ting parameters are listed in Table I in the main text, in agree-
ment with the previous low-field data in Fig. 2 (main text).
As the low field data (which is the region which allows us to
detect the high mobility electron carrier) are hidden by the su-
perconductivity below 10 K, a constrained two-carrier model
is suitable to describe well the high field data, with the param-
eters given in Table I.
8Magnets and cryogenics used in the pulsed magnetic fields
experiments
Experiments in pulsed magnetic fields have been performed
using long-duration 60 T, 70 T, and 90 T magnets at the
LNCMI high-field facility in Toulouse. In particular, this
work presents the first experimental study performed at he-
lium temperature using a LNCMI non-destructive 90 T dual
magnet, made of an outer coil generating 34 T over a duration
of 1100 ms and an inner coil generating 56 T over a dura-
tion of 22 ms (see Fig. 3). This magnet allows experiments in
excellent signal-over-noise conditions (similar to that of stan-
dard 60 T magnets) and its long duration permits to study fast
variations of the physical properties. The long-duration of the
60 T magnet allowed us operating a plastic dilution fridge at
temperatures down to 150 mK with no significant heating of
our FeSe samples. We checked the absence of heating of the
samples by Eddy currents by comparing the quantum oscilla-
tions extracted from the magnetoresistivity in the rise and fall
of the pulse. Complementary details can be found in Refs.11
and 12, where a similar dual 80 T magnet has been used for
Fermi surface studies up to 80 T at 1.5 K [11, 12] and where
the dilution fridge has been operated in fields up to 60 T and
temperatures down to 100 mK [12].
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FIG. S3. Ultra-high magnetic-field profile. Temporal profile of
the 60 T, 70 T and 90 T pulsed magnets, whose rising/total duration
are of 55/410 ms, 31/235 ms, and (coil-exterior: 92/1100 ms; coil-
interior: 8.6/22 ms), respectively. The inset shows the field up to
88 T produced by the inner magnet on top of the plateau at 33.5 T
generated by the outer magnet.
